AP71  3 1 1 8 


NDS-TR-017 
1  September  1970 


IMPRESSION  MATERIAL  STERILIZATION  WITH 
GASEOUS  ETHYLENE  OXIDE 

by 


D.  N.  FIRTELL 
D.  J.  MOORE 
and 

G.  B.  PELLEU,  JR. 


NAVAL  DENTAL  SCHOOL 
NATIONAL  NAVAL  MEDICAL  CENTER 
Bethesda,  Maryland  20014 


This  document  has  been 


approved  for  public  release  and  sale;  its  distribution  is  unlimi  cd. 


c 


ABSTRACT 


Tiu  iiiria>c  in  surgical  treatment  of  oral,  facial,  and  cranial  defects 
has  prompt  eel  a  concomitant  increase  in  requests  for  impressions  to  be  made 
m  the  surgical  theater.  To  avoid  violation  of  the  sterile  chain,  impres¬ 
sion  materials  and  equipment  should  be  sterile.  Irreversible  hydro- 
Cxilioid  and  plaster  materials  are  practical  for  use  in  the  operating  room 
but  cann  r  be  sterilized  by  autoc laving  and  other  high  temperature  meth- 
ods:  anc!  whe  ther  they  art  sterile  as  received  from  the  manufacturer  is 
qu'^ri-  r>aM<'  The  purpose  of  this  study  was  to  determine  the  effective¬ 
ness  ii  gaseous  ethylene  oxide  treatment  in  sterilizing  hydrocolloid 
powder  and  fast  sitting  plaster;  and  to  determine  the  effect  of  the  pre¬ 
ttier.'  o»;  the.  physical,  properties  cf  the  hydrocclloid.  -  Spores  of  Bacillus^ 
sub».  tics  var ,  gioblgi  i  wore  mixed  with  the  respective  materials  to  yield 
a  spore  *  ;v.x  ontrat  i.cr*.  about  1.0  x  10®  colony- forming  units  per  gram 
of  powder.  Sample*,  of  20  to  AO  grams  of  powder  in  envelopes  were  subjected 
for  A8  minutes  to  etnylem  cxide  gas  in  a  1-cubic-foot  capacity  Steri-Vac 
unit.  After  A8  hours  of  airing,  the  samples  were  assayed  for  micro- 
organixSins.  and  setting  time  and  duplicating  properties  of  the  material 
w>t.  tested  No  bacteria  were  recovered  from  the  30  samples  of  each  type 
x  t  mot-  rial  exp.  sc d  t»i  ethylene  oxide  gas,  but  they  were  recovered  from 
c.rtroi  samples  not  exposed  to  the  gas.  ..-.Both  materials  were  found  to  be 
contaminated  with  gram- positive  bacilli  and  ccccL  as  received  from  the 
manufacturer.  There  was  no  significant  difference  between  setting  times 
and  linear  m«  a  sui  cinents  .>{  sterilized  and  ncnsterillzed  samples., 
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The  inc r os st  in  surgical  treatment  cf  oral,  facial,  and  cranial 
defects  has  prompted  a  concomitant  increase  in  requests  for  impressions 
to  be  made  Ln  the  surgical  theater,  l'o  av.id  violation  of  the  sterile 
chain,  sterile  impression  materials  and  equipment  should  be  used. 

Irreversible  hydrccolioid  is  one  cf  the  most  practical  impression 
natetials  for  use  in  the  operating  room.  The  equipment  (mixing  bowl,  spatula 
and  measuring  devices)  is  simple  and  easily  sterilized,  and  no  electricity 
or  open  flame  is  required.  Trays  to  contain  the  material  can  be  constructed 
in  any  size  <?x  shape  with  acrylic  resin;  ,.r  the  hydrocolloid  can  be  backed 
and  supported  with  fast- setting  plaster.  Although  some  decrease  in  diroen- 
stcnaV  accuracy  may  result,  alginate5s  flow  properties  and  setting  time 
can  be  . invert lent ly  altered  by  changing  the  water-powder  ratio  and  the 
water  temperature.  Mazaheri  and  Salmi1  have  described  manipulation  of 
the  material  in  fabrication  of  serial  diagnostic  casts  and  moulages  for 
cleft  palate  patients.  Beth  irreversible  hydrccolioid^  and  plaster  deter!- 
crate  rapidly  at  elevated  temperatures  and  in  the  presence  of  moisture, 
so  they  cdm.ct'  be  sterilized  by  autoclaving  and  other  high  temperature 
methods.  A  practical  means  of  sterilizing  these  materials  is  needed  since 
it  is  questionable  whether  they  ate  sterile  as  received  from  the 
manufacturer . 

Gaseous,  ethylene  oxide  is  an  effective  sterilizing  agent  at  temper¬ 
atures  cons. id er iHv  i  wet  than  those,  attained  in  an  autoclave  or  in  a 
dry-heat  sterilizer.  F.r  this  reason,  it  is  used  tc  sterilize  materials 
easily  deShrrVerf.  bv  high  temper  at  ur  -s.-*  The  purpose  of  tnis  study  was 
13  determine  the  effect  1  wanes 9  of  gaseous  ethylene  oxide  treatment  Ln 
sterilizing  bvdr  c  livid  p.wder  and  fast • set: ing  plastet"  and  tc  deter¬ 
mine  the  eft.-  t  of  rt.e  procedure  or.  tre  physical  properties  of  the 
bvdt  r.  .  i  t:  id  mat  er  ial 

MATERIALS  AND  METHODS 

Tests  for  th.  effectiveness  t  sterilization  procedures  were  made 
using  tf  v.  re<u  scant:  sp  re#,  f  bat  il  tu,-  subti  l  i  s  war.  gl  .blgn  .  The  spores 
wire  rr  txc  i  with  type  II  normal- sc- 1 1  i -g  irreversible  hydrccolioid  pewder* 
and  a  1 ust- #e ‘ tirg  plaster  materia  it  tc  yie id  a  concent  rat  ion  of  about 
jUV1  x  It1®  Cv'hnv-f  rmiug  units  per  gram  of  pewder .  Art  ifually  contami¬ 
nated  aliquots  ..f  .0  to  3:  grams  (three  units  with  the  manufacturer's 
measure)  of  hydil-c  o i  1 .  i  :  p  wdet  and  30  t.  *0  gtams  (two  units  with  the  anu- 
factuter's  meatete)  u*t  p. aster  material-  were  transferred  to  paper  steri- 
1  i/l  >z  c-nve  I,  p.s  :*  A  total  f  30  cnvcicpes  f..r  each  tv  pe  of  material 

The  opinions  or  a&eett ions  contained  herein  are  the  private  ones 
if  the  writers  and  are  not  t.  be  construed  a#  efficlai  or  as  reflecting 
the  views  of  the  Navy  Department  cr  the  naval  service  at  large. 

*C*ulk.  leitrate  Alginate  Imptrsslon  Material,  L.  D.  Caulk  Co., 

Milford,  Dei. 

fKerr  Manufacturing  Co. ,  Detroit  MUh. 

tAro*-ruan  Hvspi tai  Supply  Corp.,  Cat.  Nc  ,  6i> 30*  754-0421  Edison,  k  J. 
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were  exposed  m  six  separate  trials,  to  gaseous  ethylene  oxide  for  48 
minutes  in  a  sterilizing  uni.tt  with  a  capacity  of  1  cubic  foot.  The 
envelopes  were  then  aired  in  an  open  area  for  48  hours  at  room  temperature 
for  removal  of  residual  ethylene  oxide  material. 

Tnt  samples  of  hydrccolloid  and  plaster  powders  that  had  been  exposed 
to  ethylene  oxide  gas  were  then  assayed  for  microbial  contamination.  About 
1  gram  of  powder  from  each  envelope  was  aseptically  transferred  to  a  sepa¬ 
rate  tube  of  trypticase  soy  broth.*  Turbidity  could  not  be  used  as  a 
criterion  of  bacterial  growth  bet  use  the  broth-powder  mixture  was  already 
turbid  before  incubation.  Therefore;,  0.1  ml  amounts  of  the  mixture  were 
plarvd  wi r h  trypticase  s.y  agar ^  pours  (1)  immediately,  and  (2)  after 
incubation  of  the  original  mixture  fc r  24  hours  at  37°  C.  Contamination 
or  n-'nc:  ntamir.at  ion  of  rhe  materials  was  determined  by  the  presence  or 
absence  of  colonies  in  the  agar  medium  and  by  microscopic  examination 
for  or  car.  i  sms  using  Gram  staining  pr  tn.edi.res.  Thirty  control  samples  of 
the  at.  r.  if  ..c  tally  <  •.•ntaminatert  materials  were  simultaneously  subjected 
to  the.-. sane  assay  procedure  b-t  without  previous  exposure  to  ethylene 
oxide,  lo  determine  whether  the.  hvdrocollotd  powder  and  the  plaster  were 
con*  animated  as  icitived  fr.cm  the.  manufacturer,  samples  were  removed 
asepti-rtlly  ft,  m  three  t'tesnly  opened  packages  of  each  type  of  material 
and  as-avtd  in  tin  sam,  manner . 

Iht  effect  of  the  -.te  r  1 1  izing  procedure  on  the  physical  properties 
it  the  irrtvetsibl.  oydrucolloid  material  was  evaluated  by  testing  for 
setting  time  and  accuracy  of  du.pl  ice  ion.  A  total  of  30  samples  were 
subjected  to  a  test  t  r  setting  time  a s  sot  forth  in  American  Dental 
Association  spec  ii  icai  i .  n  N - .  18."*  A  total  of  10  nensteriliaed  control 
samples  were  subjected  ‘o  the  same  test  f;r  comparison.  Accuracy  of 
duplication  was  tested  nr.  sample  a  ft  n.  18  envelopes  filled  with  irre¬ 
versible  t  vdre;  ii  id  powde'  prev.ouslv  exposed  to  gaseous  ethylene 
iXiif.  Ir-.v  to!  *  ••  rioted  of  -sing  the  mat. rial  mixed  from  the  powder 
;r:  ..tut  tn-,<,  p.  i  '  <rrttu  an  impression  t  an  acrylic  resin  rectangular 
f.  tm  ut.. izing  a  special. \  adapted  r  rforated  metal  ttay.  Th  impressions 
w-r  [  •  d  with  a  st  an'Wd  mis  of  dental  st  ne .  Five  additional  impres- 

si  ns  (  tru  ttitsr.gr  w  r.  m.-»d«  fnm  ’.onste  r  t  If  zed  alginate  and  poured 
in  th  nan'u'.  7:-  t.v  s  w«.re  then  mea»jr-d  lineally  with  a  micro- 

n.-asut  mg  depict § 
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ra  ’c  rial  gr  »th  was  not  bscived  in  any  of  the  artificially  con* 
'..narat.d  hvdhi  i.  r  piaster  samples  exposed  to  gaseous  ethylene 
..■side  t  t  tr.  -cp  s<  '  -ample-4  we  r .  all  e  ntammat'-d  with  the  test 
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bacterium.  The  samples  of  hydrocolloid  and  plaster  as  received  from  the 
manufacturer  were  all  found  to  be  contaminated  with  gram-positive  bacilli 
and  cocci. 

The  effect  of  gaseous  ethylene  oxide  sterilizing  procedures  on  the 
physical  properties  of  hydrocolloid  material  is  shewn  in  table  1.  There 
was  no  significant  difference  in  setting  time,  and  linear  measurement 
between  the  materials  mixed  from  the  sterilized  and  nonsteriiized  powder 
samples. 


Table  1. --Effect  of  gaseous  ethylene  oxide  sterilizing  procedures  on 
physical  properties  of  irreversible  hydrocolloid 


Linear  measurement 

Setting  time 

of  casts 

(min) 

(mm) 

Control 

(noustcr 11 ized) 

3.5  ±  0.1  (10)* 

54.Q2  ±0.03  (5)* 

Experimental 

(sterilized) 

3.5  1  01  (30)* 

54.93  ±  0.04  (18)* 

No.  of  powder  samples 


DISCiJSSIO 

It  is  not  known  whetner  the  contamination  present  in  the  hydro- 
colloid  and  plaster  prwdet  as  they  arc.  received  frem  the  manufacturer 
represents  a  potential  health  hazard  in  routine  clinical  use.  Procedures 
involving  surgery,  however  demand  the  use  of  sterile  impression  mate¬ 
rials.  In  this  respect,  ethvlent  oxide  was  shown  to  be  very  effective. 
Although  gaseous  ethylene  nxide  is  widely  used  to  sterilize  many  mate¬ 
rials,  its  use  for  sterilizing  hydr.ee  Hold  powder  has  n. t  previously 
been  reported  Gaseous  ethylene  oxide  as  a  sterilizing  agent  is  known 
* o  have  excellent  penetrating  properties  and  it  leaves  no  residual 
chemual  when  materials  are  aired  for  adequate  pet  tods. 3  the  packaging 
ef  powder  in  small  amounts,  e.g-  three  measures,  provides  convenient 
quantities  for  pt  actual  use  and  at  the  sam*  time  provides  a  small  bulk 
f^r  maximum  penetration  of  the  gaseous  agent.  The  foregoing  results 
indicate  that  the  ethylme  .xide  procedure  is  effective  in  sterilizing 
hyd.ee-  Hold  and  plaster  materials  even  when  thev  contain  resistant  spores. 
Furthermore  the  st*r llizat ion  procedure  does  not  adversely  affect  the 
setting  time  and  llneat  dimensions  cf  the  hydrnelluld  material. 

The  sterilization  method  used  In  this  study  showed  itself  to  be 
effective  and  practical.  The  making  of  Impressions  of  surgical  defects 
under  sterile  cov»dlctons-“fct  procedures  such  as  cranioplasty 
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tympanoplasty,  and  oculoplasty--now  seems  feasible.  The  fabrication  of 
therapeutic  contact  lenses,  skin  graft  splints,  and  neonatal  cleft  palate 
prostheses  are  other  procedures  that  warrant  the  use  of  sterile  impression 
mater  Lais. 

SUMMARY 

In  this  study,  30  samples  of  one  type  of  irreversible  hydrocolloid 
powder  and  30  samples  of  one  type  of  plaster  material  were  sterilized 
using  gaseous  ethylene  oxide.  The  procedure  did  not  adversely  affect 
the  setting  time  cr  the  dimensional  accuracy  of  the  hydrocolloid 
no 1 1  r i  a  1 . 
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tt  ABSTRACT 

The  increase  in  surgical  treatment  of  oral,  facial,  and  cranial  defects  has 
prompted  a  concomitant  Increase  in  requests  for  impressions  to  be  made  in  the 
surgical  theater.  To  avoid  violation  of  the  sterile  chain,  Impression  materials 
and  equipment  should  be  sterile.  Irreversible  hydrocolloid  and  plaster  materials 
are  practical  for  use  in  the  operating  room  but  cannot  be  sterilised  by  autoclaving 
and  other  high  temperature  methods;  and  whether  they  are  sterile  as  received  from 
the  manufacturer  Is  questionable.  The  purpose  of  this  study  was  to  determine  the 
effectiveness  of  gaseous  ethylene  oxide  treatment  in  sterilising  hydrocolloid 
powder  and  fast-setting  plaster;  and  to  determine  the  effect  of  the  procedure  on 
the  physical  properties  of  the  hydrocolloid.  Spores  of  Bacillus  subtilis  var. 
alobixii  were  mixed  with  the  respective  materials  to  yield  a  spore  concentration  of 
about  1,0  x  10®  colony- forming  units  per  gram  of  powder.  Samples  of  20  to  40  graaq 
of  powder  in  envelopes  were  subjected  for  48  minutes  to  ethylene  oxide  gas  in  a 
1-cubic-foot  capacity  Sterl-Vac  unit.  After  48  hours  of  airing,  the  samples  were 
assayed  for  microorganisms,  and  setting  time  and  duplicating  properties  of  the 
material  were  tested.  No  bacteria  were  recovered  from  the  30  samples  of  each  type 
of  material  exposed  to  ethylene  oxide  gas,  but  they  were  recovered  from  control 
samples  not  exposed  to  the  gas.  Both  materials  were  found  to  be  contaminated  with 
gram-positive  bacilli  and  cocci  as  received  from  the  manufacturer.  There  was  no 
significant  difference  between  setting  times  and  linear  measurements  of  sterilized 
and  nonsterllised  samples.  (U) 
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